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INTRODUCTION

The possibility of upgrading local and in-place materials with a
bituminous treatment has been a topic for serious consideration
over the years. A depletion of high quality aggregates and
increasing local restrictions on the development of new aggregate
sources has resulted in increased interest in the use of treated
in-place or borrow type materials as bases.

Many unprocessed materials in California can benefit by bituminous
treatment, some more so than others, because of their grading or
physical makeup. The primary benefits to be realized from bituminous
treatment are increased tensile strength (cohesion) and/or resistance
to water action. The extent and type of benefit derived will be
influenced by the physical characteristics and gradation of the
material being treated. Sands will improve mostly by increased
tensile strength and silty type materials by waterprooflng of the
fines (1).

A literature search revealed that various laboratory methods have
been developed to determine if a material was suitable for treatment
and to evaluate the effect of the treatment (1,2,3). Researchers
have established suitability requirements on the untreated material
such as minimum sand eguivalent, maximum percent passing the No.

200 sieve and maximum plasticity index. However, it was felt that

a satisfactory method of determining the amount of bituminous binder
necessary to achieve adequate tensile strength and waterproofing
action was not available. This included the need of determining a
suitable laboratory method of subjecting test specimens to water
action which would be representative of the type of action that

base type materials would be subjected to in the field.,

This report discusses the work done on the determination of binder
content and laboratory methods of subjecting test specimens to
water action. A third area in need of investigation is a design
method to determine structural thickness requirements after
bituminous treatment. However, this will have to be investigated
in conjunction with field application.

It was found through the literature search that there is a general
lack of universal definition regarding the use of asphalt treated
bases. The term used in this study, "bituminous treated bases",
by our definition will be any material designated as base material
that is treated either by road-mixing or plant-mixing methods with
an emulsion or ligquid asphalt.

CONCLUSIONS

l. A method for determining the optimum binder content for
bituminous treated bases was developed (see Appendix).
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2. *"A method was ‘developed (Capillary Absorption Test) that subjects
the specimen to severe moisture conditions by capillary action while
leaving it confined in its fabricating mold. This method allows the
specimen to be measured for swell as well as water resistant qualities
in the same apparatus.

3.  Materials used in this experiment with sand equivalent values
less than 30 and having more than 30 percent passing the No. 200
sieve may not be satisfactory for bituminous treatment. These
materials were extremely difficult to mix in the laboratory and
should be field tried before full scale project use.

4. In this study, medium curing grade liquid asphalts did not
properly cure under laboratory conditions. Generally, rapid

curing products gave better laboratory tests results, However,

it is felt, the selection of the proper product for field use will
depend upon gradation, field drying conditions, etc. that influences
the rate of cure. -

RECOMMENDATION

Additional work should be done to investigate the structural thick-
ness requirements of bituminous treated bases. Until this can be
done a gravel equivalent of 1.2 should be used for bituminous
treated bases in the California flexible pavement design method.

Stodl e Y IMPLEMENTATION

The“design method can be implemented on one or more field projects.

DISCUSS1ON

Matérial‘Selection,=

- Material sources to be used for bituminous treatment will vary
considerably with location throughout the State. For purposes of
this study samples were taken ‘at four locations, and are considered
to-cover a wide spectrum of materials that could be considered for
bituminous treatment in California. The materials were identified
as: . : - .

Test No. 69-2629 (Silty Sand from Kings County near Fresno)

Test No. 69-2599 (Sandy Silt from San Joaquin County near Stockton)

Test No. 68-2428 (River Sand from Yolo County near Sacramento) :
Test No. 69-2603 (Decomposed Granite from El Dorado Co. near Lake Tahoe)

For the physical propertieé of these méterials see Table 1.
" Thé' Chevron Asphalt Company (1) has recommended that a material

-have a minimum 30 sand equivalent to be considered for bituminous
“treatment. Douglas 0il Company (3) states that for good success
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As a result a test referred to as the "Capillary Absorption Test"
was developed. This test, similar to the Sand Bath, subjects the
specimen to the same moisture conditions, however, the specimen is
kept confined by leaving it in its fabricating mold (see Figure 1).

Figure 1

Capillary Absorption Test Equipment
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Figufe“2

Capillary Absorption Test Equipment - Assenbly View

i

Barly development of this test ifndicated that after the wetting
period any movement of the -specimen still resulted in damage as
the wetter lower half would fall from the mold when lifted. To
eliminate this problem a rigid filtexr paper {(1/8" thick) was
‘glued to the bottom of the mold after the specimen was fabricated
and before subjecting it to moisture. This approach was good with
materials that had little expansion. However, with expansive
materials, as the soil took on water, the expansion caused the
'filter paper to accept a convex shape away from the mold as much
‘as 1/4 inch. In some cases the expansion literally ripped the
£ilter from the bottom. To eliminate this problem, it was decided

to thread the outside of the fabricating mold and screw on a brass

perforated cap (see Figure 2). With this approach the moisture
uptake paralleled the Sand Bath Test (see Figures 4-7) and the
specimen could be removed later for other testing. This method

‘also allowed the rate of moisture uptake to be determined by
-simply weighing the entire assembly periodically. The amount of
.Swell or expansion may also be determined with this system. It

www.fastio.com
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was noted using this system that most aggregates will reach their
ultimate moisture content after a 10 day period, and that, about
70 percent of the moisture was absorbed by the fifth day ‘(see
Figures 8-11). Therefore to shorten the test as much as possible
it was decided to limit the test to five days and evaluate the
results at this point.

With the test method for moisture uptake determined, it became
necessary to establish limits that could be expected to be com-
patible with good field performance. The maximum allowable
moisture absorption was set at five percent to represent moisture
content in the soil during midsummer. This figure, of course, will
vary throughout the State and with various soils, but it was felt
five percent would be conservative for the majority of cases.

If future field studies indicate otherwise, adjustments can be

made in this phase of the design method.

Physical Property Considerations

The next consideration was the determination of adequate improvement
in cohesion (tensile strength). It was felt that a minimum design
cohesion value must be selected that would provide sufficient
strength immediately after construction to provide a stable working
table. This cohesion is considered early cohesion and as the
mixture cures, an increase in cohesion will occur, resulting in
increased strength. It was difficult to establish a minimum
value due to a lack of data and experience with the mixtures under
consideration. Samples taken immediately after final laydown on
the Bear Mountain job (5) had cohesions ranging from 67 to 210

at room temperature. It was felt that since the laboratory
specimens are aged at 140°F prior to testing, they should have

at least a 100 cohesion value at room temperature after being
subjected to the absorption test; therefore this minimum cohesion
value was selected for the design method developed in this study.
(This value may also be altered if future field studies so dictate.)

The question of a gravel equivalency factor for asphalt treated
materials has been a source of study for an experimental base
project near San Diego. The project consisted of 35 different

test sections representing asphalt treated and untreated base
materials surfaced with 0.25' asphalt concrete. Performance
criteria was collected annually including deflection measurements
and the present analysis is based on 5 years of study. Unpublished
analysis of the data by both The Asphalt Institute and the California
Division of Highways has indicated a wide range of equivalency
values (6,7)}. Data collected to date indicates that gravel
egquivalencies for treated bases can range in value from 1.2 to

1.6. Therefore, until further evaluation can be performed it
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" would seem that the éfavél equivalency value for sand asphalt

bases should be limited to 1,2. It does not appear feasible at
present to adjust this value for changes in Traffic Indices since

-4add1tlonal performance crlterla is needed,

Laboratory AnalYSlS of the oelected Materlals

The four materials selected from throughout the State were evalu-
ated on the basis of the previously discussed criteria. That is,
the water absorption of. the treated material must be less than

5 percent after testing by the Capillary Absorption Method and
the cohesion value ‘must be greater than 100 after this 5 day
soaking period (see Appendix for testing procedure). The results
of this analysis aré presented in Table 2 and illustrated

- graphically in Figures 12-15,

" It can be seen that the San Joagquin County sandy silt has high

cohésion values regardless of the binder content. This is to be
expected bacause, as prevsiouly mentioned, the greatest improvement
to be expected by tredting a silty materlal would be in water-
proofing of the fines. It took quite a bit of RC-250 (10%) and
S8-1 (13%) to meet the maximum 5% water absorption criteria.
Therefore, economics alone would tend to disqualify this material
from consideration for bituminous treatment. Alsco, in the labora-
tory this material was extremely hard to mix and handle which may
also be the case in the field. This material would he considered
unsuitable for treatment by the criteria established by other
researchers (1 and 3), ‘and the above findings also indicate it

may be unsuitable for bituminous treatment by our laboratory

testlng. .

It is interesting to note that this is the only material in this
study which meets the minimum 100 cohesion criteria when treated
with MC-250. This is probably due to the fact that the large
amount of fines in this material contributed to the cohesion and
very little improvement is required from the asphalt binder, which
is not the case with the other three materials,

The Kings County silty sand was able to meet part of the design
criteria when treated with 8% of either RC-250 or SS5-1. The
material could not meet the cohesion criteria when treated with
MC-250, regardless“of the amount of binder added. This is probably
due to the fact that the MC product did not cure properly. This is
the case even though the test specimens were oven cured. This

does not rule out MC-250 from consideration as a treatment product
for all base materials and one could argue that better curing will
be experienced in the field; however, the fact remains that careful
thought should be given to the use of an MC product to insure that
sufficient curing will occur.

i
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The Kings County material had more material passing ¥he No. 200
sieve (30 percent) than previously mentioned criteria (3) recommends
and there was also some difficulty with mixing and some balling of
asphalt. However, if other considerations warrant treatment, these
difficulties should not classify it as unsuitable for, treatment. .
Here again, when there is a significant amount of firdes, the _
bituminous treatment generally appears to contribute more to the
waterproofing of the material than to the cohesion improvement.

The Yolo County sand was the most suitable material for bituminous
treatment. It required only 3 percent SS-1 or 4 percent RC-250 for
the material to meet the design criteria. Again the addition of
MC-250 did not raise the cohesion to an acceptable level and the
previous remarks concerning curing would also be pertinent in this
case. As would be expected with a sand having 0 percent passing
the No. 200 sieve, the greatest effect of the bituminous binder .
was to improve the cohesion, and the binder content had very little

‘effect on the waterproofing.

The El Dorado County decomposed granite required 5 percent RC-250
or 7 percent S5S-1 to meet the established design criteria.’ Again
treatment with the MC-250 liquid asphalt did not raise the cohesion
to acceptable limits, and the curing comments are pertinent. In
this case also, with a predominently sandy material, the addition
of a bituminous binder had more of a pronounced effect on the ‘
water absorption than on the cohesion.

With the El1 Dorado County material, it can be seen that with the
addition of RC-250 the cohesion increases to a maximum amount
and then sharply decreases. This is also evident with the other
materials. This phenomenon is probably due to the curing
situation. With the increase in binder content and the corres—
ponding increase in solvent, it is not possible for the material
to cure properly. It is true that with time the binder will cure
and perhaps have a very high cohesion; however, this indicates
that if too much binder is added to a material it will not be
possible to work on the material until later after sufficient
curing occurs.

This study indicates that the best liguid asphalt to use for
pituminous treatment may be the RC grade. Since the SS grade
emulsion cured sufficiently it would seem logical that a medium
setting emulsion would prove satisfactory as a binder from the
curing aspect.

In actual practice where plant mixing may be employed, more

viscous liguid asphalts could be used and in wome cases material
that may not meet the design criteria with a 250 grade might be
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acCeptable with the heavier grades. The method of mixing and/or
the grade of binder proposed for use should be evaluated by the

laboratory.

Generally, it is suggested that a minimum binder content of no
less than three percent be used regardless of minimum amounts
determined by the test method. This is the present opinion of
the researchers with the limited amount of field experience to
date. Mixing variance will probably be the limiting factor for
the minimum allowable binder content. The maximum binder content
may be a function of economics. Extremely high asphalt contents
may stabilize even poor materials.
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TABIE 1

Physical Properties of Materials Sources Tested

Source

Sieve

4
8
16
30
56
100
200 -
Specific Gravity

Plaaticity Index -

Sand Equivalent
R-Value

Silty Sand

% Passing

Kings County

100
99
. 97
83
51
30
2.68

-N.P.

33
69

San Joaquin
County

Sandy Silt

7% Passing

100
- 98
96
93
90
81
2.75
7

27
31

TABLE 2

El Dorado
Yolo County  County

Decomposed
River Sand Granite

% Passing = % Passing

Binder Recommendations (% by Dry Weight of Aggregate)

Kings County

Binder Silty Sand
RC-250 8.0
MC-250 cannot use
$S1-Emuls.

wiw fastio.com

8.0

San Joaquin
County
Sandy Silt
10.0
7.0

13.0

-12-

100
93
100 77
96 50
41 25
4 9
1 4
2.68 2.68
N.P. N.P.
82 73
71 80
E1l Dorado
County
Yolo County  Decomposed
River Sand Granite
4.0 5.0

cannot use

7.0

cannot use

3.0
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Figure '8~
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Figure 10

YOLO COUNTY SAND
TIME REQUIRED FOR CAPILLARY “ABSGRPTION TEST
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APPENDIX

METHOD OF SELECTION OF OPTIMUM BINDER CONTENT FOR BITUMINOQUS
TREATED BASE '

1. Oven dry aggregate to a constant weight to remove all moisture,

2. Weigh out approximately 1200gms of aggregate for each specimen,
and use liguid asphalts or emulsions, to prepare a series of
specimens in 2 percent increments, starting with a binder
content of 3.0 percent, (based on dry weight of the aggre-
gate) and concluding with a binder content of 13.0 percent.
Mix thoroughly with mechanical mixer or by hand. See notes
at end of test method for mixing emulsion treated specimens.

3. Fabricate test specimens by placing sufficient material in a
4" diameter tared steel mold to provide a height after
compaction of 2.5" + 0.1".

4, Compact the specimen with a 40,000 1b. static load applied
using a double plungex. The load is applied at a rate of
0.25 in./min, ' :

5. Pléce specimen and. mold in an oven maintained at 140°F + 5°
for 24 hours + 30 minutes; remove and allow to stand at
room temperature (78°F + 10°) for 24 hour + 30 minutes.

6. Attach perforated base plate to mold. Tare all equipment
before fabricating.

7. Weigh entire éssembly and obtain weight of sample by
subtracting total tare weights from total weight.

8. Place assembly in a pan of water 1" in depth. Maintain
water depth for the entire time of test. Water is at
room temperature.

9. After 24 hours + 30 minutes, remove entire assembly from
] water bath and record weight. Calculate the amount of
",'5 water absorbed. ' .

Repeat step 9 for 5 consecutive days.

11. At the end of 5 days soaking, record the final amount of
water absorbed.

12, Press sample from mold and immediately test for cohesion
following Test Method No. Calif. 306. However, this test
shall be made at room temperature. Handle carefully to
avoid damaging sample,
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'13. Use the B.T.B. recommendation chart and plot cohesion and
moisture content versus percent binder content for each
series representing a grade of asphalt or emulsion (see
chart, page A-3.)

14. Select from each series the minimum binder content that
will provide both a minimum cohesion of 100 and a maximum
moisture uptake of 5.0 percent,. -

15. Report a minimum asphalt content for each grade of asphalt
o8 o emu131on tested.

Note: Various grades of asphalt cen be used for testing because
an aggregate may be better stabilized with one grade than
another. Should the engineer, for some reason, desire a
particular grade, that grade should be designated and
additional testing of other grades may be omitted. When
emulsion is uSed a premix moisture content will be necessary
to prevent the emulsion from "breaking" while mixing.
The amount will be dependent on the aggregate used. After
curing (24 hours @ 140°F and 24 hours at room temperature)
the moisturé in the samples from either premixing or emulsion
should be ignored and the weights obtained should be considered
as dry weight from this point on. (Percent of moisture uptake
due to capillary absorption shall be calculated on this basis.)
When compacting emulsion treated specimens, free moisture may
briefly be noted, but this should not be extensive enough to
flow from the specimen. If moisture flow is noted, additional
samples with less premix moisture should be prepared until
the flow of moisture is halted.
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